Cytological examination of nodules from diploid, tetraploid, and octoploid alfalfa (Meditago sativa L.) plants revealed that the proportion of nodule cells infected by rhizobia was not significantly affected by nuclear ploidy of the host plant. Flow cytometry was used to determine the influence of host plant nuclear ploidy on the nuclear ploidy of infected cells. In nodules from diploid plants, most of the nuclei were tetraploid, whereas in nodules from tetraploid plants, about half of the nodule nuclei were tetraploid and half were octoploid; in octoploid plants, most of the nodule nuclei were octoploid. The occurrence of disomatic nuclei was independent of infection of nodule cells by rhizobin, because diploid plants had mostly disomatic nodule nuclei, and octoploid plants had mostly monosomatic nodule nuclei, whereas all nodules maintained a constant proportion of infected to uninfected cells. These results do not support the earlier hypothesis that infected nodule cells contain disomatic nuclei.
A possible link between infection of root nodules and occurrence of polyploid nuclei in legumes has been discussed extensively (2, 4, 5, 8) . The hypothesis that rhizobial infection of nodule cells is associated with polyploidy ofthe host nucleus was developed from the observations of Wipf and Cooper (16) (17) (18) . Disomatic mitotic figures were clearly visible in the inner cortex of Pisum sativum roots to developing infection threads. Mitchell (7) described the developing nodules in terms of a monosomatic sheath of tissue surrounding a disomatic core of infected cells. Truchet (12) , and Truchet et al. (13) have described a more elaborate scheme of nodule tissue development in which three zones are distinguished on the basis of nuclear size. From means of nuclear diameters they have attempted to quantify nuclear ploidy ofthe different zones. They claim to have a ploidy gradient from 2X at the nodule tip to 16X in the center of the infected zone, but acknowledge that their data must be viewed with caution.
Although it is generally accepted that nodulation is associated with polyploid cells, this conclusion is based largely on qualitative observations. Robertson and Farnden (10) ule development and endoreplication, concluded that definitive experiments have yet to be conducted. We therefore tested the hypothesis that disomatic nuclei are associated with infected cells within nodules of alfalfa by using flow cytometry to quantify DNA of isolated plant nuclei (3) .
MATERIALS AND METHODS Plant Material. Two previously described (9) isogenic paired populations of alfalfa were used for this study. The isogenic diploid (2n = 2X = 16) -tetraploid (2n = 4X = 32) set (D2X, and D4X), was derived from the materials of Bingham and McCoy (1) by a double-double cross technique from eight randomly selected parents. Parents were either diploid cultivated alfalfa or colchicine-doubled tetraploid cultivated alfalfa. Intercrossed tetraploid (2n = 4X = 32) 14X, and octoploid (2n = 8X = 64) I8X plants were derived from tissue culture in which spontaneous doubling of chromosome number had occurred (9) . Ploidy of individual plants used in this study was verified both cytologically and by flow cytometry. Plant materials were grown in the greenhouse as reported by Meyers et al. (6) in 25-cm pots containing sand. Mineral nutrient solution (less nitrogen) was supplied twice weekly, and plants were watered daily. Root stocks were inoculated with Rhizobium meliloti (Nitragin Co., Milwaukee, WI). Plants were then grown for 2 months, foilage was cut back to 5 cm at week 4 and week 8. At 8 weeks plants were individually cut back and nodules were immediately collected from five randomly-selected plants from each ofthe D2X, D4X, I4X, and 18X populations. The nodule pool from each plant was divided in half. One-halfwas stored in CrafIII solution (1 1) prior to cytological investigation; the other half was stored at 4°C overnight and then used for flow cytometric analysis.
Experimental Design and Statistical Methods. Flow cytometric data represent the means of 10 samples (5 samples from each of two replicates). Each flow cytometry ratio represents the resolution of between 800 and 5000 nuclei into monosomatic and disomatic peaks. The experiment was repeated twice. On the second repeat fewer nodules were available for investigation, so cytological analyses were performed on only one plant per ploidy level. These data were pooled with the cytological data from the first harvest. Data were analyzed by analysis ofvariance; honest significant difference multiple contrasts were performed to establish significance of differences between means.
Cytological Investigation. (Table I) . Flow cytometric data were resolvable into two major peaks containing greater than 90% of the nuclei. The first peak corresponded to the monosomatic nuclear peak and the other to a disomatic nuclear peak. The balance of stained events (less than 10%) are thought to correspond to the sum of disomatic G2 nuclei, nuclei undergoing replication, and nuclei damaged during preparation (or aggregates of damaged nuclei). In nodules of diploid plants, most of the nuclei were tetraploid. In tetraploid plants approximately one-half of the nodule nuclei were tetraploid and one-half octoploid, whereas in nodules of octoploid plants, most of the nuclei were octoploid. A large number of very low fluorescence events was observed for each sample run. These events are thought to be the sum of bacteroids and membrane vesicles formed by detergent solubilization of organellar structures (from analysis of the forward light scattering patterns). The percentage of scored events representing nuclei was not significantly different across the ploidy levels (D2X 12%, D4X 18%, I4X 9%, 18X 12%), (12, 13) have relied on nuclear volume as an indicator of nuclear DNA content. Shortcomings of this method were indicated both by Truchet (12) , and Libbenga and Bogers (4) who reported the observation that nuclear volume changes during the cell cycle. In contrast, the methods used in this study are thought to provide more reliable DNA measurements for the following reasons: (a) large numbers of nodule nuclei were scored for DNA quantity (200-5000 nuclei per plant), (b) nodule nuclei were selected randomly for DNA assay, and (c) nuclei were assayed from all points in the cell cycle because mithramycin binding is independent of cell cycle position.
Although disomatic cells are thought to become infected with rhizobia (4, 10) endoreplication can occur within uninfected root cortical cells (4, 8) . Large nuclei were reported in advance of infection threads by Wipf and Cooper (18) . Approximately 500 nuclei from the plant roots (less nodules and root tips) from each ploidy level were counted in our study. Significant numbers of disomatic nuclei were found (51% in diploids,, 33% average in both ofthe tetraploids, and 8% in octoploids). It was not possible to resolve these nuclei into endoreplicated polyploids and cells in the G2 phase of the cell cycle.
It is evident from our study that disomatic nuclei are not exclusively associated with rhizobial infection as diploid plants have many disomatic cells which are uninfected and octoploid plants have many monosomatic cells which are infected. We suggest that alfalfa root cells with 4X or 8X nuclei are optimal for infection by rhizobia.
